A recursive dynamic computable general equilibrium (CGE) model is used to conduct an exante analysis of the economy-wide impacts of new agricultural technologies in India. Differential impacts of changes in productivity of new promising cultivars for irrigated and rainfed maize and wheat are incorporated in the model. Technological change in these crops results in higher future economic growth as well as food security, both in food consumption and availability. While there is considerable scope for increasing the production of both crops through the introduction of new technologies, maize (both irrigated and rainfed) with promising cultivars for higher yield gain generates significant growth in output. The projected gains for wheat are primarily in the rainfed wheat output as this is where the yield gaps are highest from the promising technologies. Lower prices, particularly for maize and wheat, stimulate higher consumption of these cereals and other food commodities. Rural households benefit more than their urban counterparts in food consumption. Although maize's contribution to the national economy is less than wheat, given the relatively higher estimated yield gains from promising maize technologies, the positive impacts of maize technologies on food security and national income are higher than the impacts of wheat. In view of the land and water constraints in Indian agriculture, maize which is predominantly rainfed and widely adapted could be a viable alternative for the future. However, a joint improvement of maize and wheat productivity would further enhance economic conditions and food security in India.
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I. Introduction
India faces many challenges in its agricultural sector. Agricultural growth (about 4% between 2004-05 and 2012-13) has lagged behind other sectors (about 8% for industry and 9% for services between these periods) of the economy, and this has significant implications in terms of income, employment, food security, rural-urban migration, etc., since a large section of the Indian population is still dependent on agriculture for their livelihoods. The country achieved self-sufficiency in major food staples at the macro level, but still faces local level deficits and challenges of high prevalence of malnourished children and high incidence of rural poverty. Studies have shown that higher farm yield and agricultural research could bring both absolute and relative gains to poor rural households (Datta and Ravalion, 1998; Fan et al., 2000) . Thus, future growth in agricultural productivity is likely to be a key factor for achieving higher levels of economic growth, poverty reduction and food security.
Wheat and maize are important cereals grown in Asia for both household consumption and commercial purposes. Wheat is the second most important staple food crop in India after rice, with a share of about 39% in total cereal production. Analysis of growth rates of wheat production reveals that the growth of wheat production declined from about 4 percent during 1986-1997 to about 0.7 percent during 1996-2008, while the growth rate for coarse cereals (which includes maize) increased marginally from 1.2 percent to 1.5 percent during the two time periods. Similarly, analysis of trends in the yield growth rate shows that wheat yield growth declined from 2.9 percent to 0.3 percent, while the yield growth rate for coarse cereals declined from 3.7 to 2.3 percent, during the two time periods (Mahendra Dev and Sharma, 2010) . This indicates that the overall production and productivity change in maize has been higher than that of wheat in recent years. During 2004-05 to 2013-14, maize has recorded the highest annual growth rate in cultivated area (2.5 percent) and production (5.5 percent), and the second highest annual growth rate in yield (2.8 percent), after barley, among cereals due to various government incentives to promote this sector (KPMG, 2014) .
The average production of wheat for the period 2007-08 to 2011-12 was about 84.36 million tons, with a productivity of about 2.95 tons/hectare (t/ha) which is lower than the world average of 3.09 t/ha in 2012 (see Figure 1 ). Currently about 92 percent of the wheat is grown on irrigated land. As can be seen from Figure 1 , wheat productivity, which has been in an upward trend during the early 2000s, has shown increasing variability with several drops till 2013; on the other hand, maize yields have remained more or less stagnant between 2000
and 2013 (FAO, 2013) . In the case of kharif (summer) maize in rainfed situations, the average production was about 14.93 million tons with productivity of about 2.09 t//ha, while the average production of rabi (winter) maize (mostly irrigated) was about 4.85 million tons, with a productivity of about 3.94 t/ha. The world average productivity of maize was about 4.88 t/ha in 2012.
About 86% of the wheat production was consumed by households (around 9% was exported and the rest was used as seeds and feedstock) in 2013, contributing almost 25% of daily caloric intake and about 38% of the total cereals consumption (FAO, 2013) . The share of wheat in household expenditures on cereals was 33% and 36% for rural and urban households respectively in 2009 -10 (Government of India, 2012 . On the other hand, maize is the third most important cereal in India in terms of production after rice and wheat, accounting for around 9% of the total food grain production in the country, most of which is used by the poultry, cattle feed and industrial starch sectors. About 34% of maize production in 2013 was used for household consumption, accounting for a relatively small share of the daily calorie intake and around 4% of the total cereal consumption (FAO, 2013) .
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The share of maize in household consumption expenditure on cereals in 2009-10 was about 1 and 0.2 percent, for rural and urban households in India, respectively (Government of India, 2012). Thus, the share of maize in household expenditures on cereals is significantly lower than that of wheat.
Recently, income growth has enabled households to switch their consumption patterns towards non cereals like fruits and vegetables, meat, fish, milk and poultry products, and as a result, per capita household consumption of maize has declined over time. However, the demand for maize as livestock feed has increased significantly, reaching 76% of production between 2005 and 2013, compared to 55% in China over the same period (FAOSTAT, 2013).
Therefore, unlike wheat which is mainly used as a major food staple, the contribution of maize 1 For comparison, the per capita calorie contribution of maize and wheat in China (4% and 38%, respectively in 2013) is more or less similar to that of India. However, for Indonesia, a major consumer of maize, the per capita calorie contribution of maize in total cereals consumption is significantly higher (14%) than India's.
to current and future food security in India comes through its direct consumption as well as its role in the production of livestock -especially poultry.
Technological change in Indian agriculture will play a key role in enhancing future food and nutritional security, poverty reduction and adaptation to climate variability and change. Our study therefore investigates the potential food security and growth impacts of introducing promising maize and wheat varieties, developed by the International Maize and Wheat Improvement Center (CIMMYT) and its national partners. This analysis examines the potential benefits from these sources of technological change compared to the existing varieties of these crops on long-run (2030) food security and well-being. Given the direct and indirect inter-linkages in the economy and the existence of different household groups with heterogeneous consumption and income structures, an economy-wide framework in a dynamic setting is needed to rigorously analyze these effects. Accordingly, we conduct an ex-ante analysis of the economy-wide implications of introduction of these promising agricultural technologies, i.e. improved heat and drought tolerant varieties of wheat and maize, using a dynamic computable general equilibrium (CGE) model. The rest of the paper is organized as follows. The next section presents a brief description of technological change in agriculture, with a special reference to maize and wheat in India. The methodology section briefly describes the database and the recursive dynamic CGE model used in the analysis. The key results are discussed in the fourth section, while the last section concludes.
II. Technological change in Indian agriculture
Technological change has played a major role in the development of the agricultural sector in India. The introduction of high-yielding varieties (HYVs) of wheat, which kick-started the green revolution in India were developed at CIMMYT in Mexico (Mexican semi-dwarf wheat varieties) and were found to be very suitable for agro-ecological conditions in north-western India, namely the states of Punjab and Haryana, and the region of western Uttar Pradesh (Fujita, 2010) . Dispersion of private tube-wells was one of the most important new agricultural technologies that allowed the expansion of irrigated wheat production. The new seed-fertilizer technologies for wheat, followed by rice HYVs from the International Rice Research Institute (IRRI) in parts of peninsular India, raised India's self-sufficiency in food (Fujita, 2010 ).
An important limitation of this pattern of agricultural development was that only some parts of the country (high potential areas with access to irrigation) benefitted from the introduction of HYVs while most of rural India, relying on rain-fed agriculture, experienced negligible gains in terms of higher incomes and poverty alleviation. This could explain why the poorest areas of the country remained high in poverty incidence and widening interregional disparities were observed (Pingali, 2012; Hazell, 2010; Fan and Hazell, 2001 ). According to a study by Fan and Hazell (2001) , investments in rural infrastructure, agricultural technology, and human capital are now at least as productive in many marginal environments (rainfed areas) as in irrigated areas, and they have a much larger impact on poverty. Further, greater public investment in some low-potential areas could actually offer a win-win strategy for addressing productivity and poverty problems (Pingali, 2012; Fan and Hazell, 2001 ).
The era of the Green Revolution in the 1980s witnessed very encouraging agricultural growth supported by the spreading of new agricultural technologies. Diffusion of tube-wells in less favourable areas with unreliable irrigation and rain, enabled farmers to grow HYVs of wheat instead of pulses in the dry season and to improve rice yield substantially by switching from traditional to modern HYVs in the rainy season (Fujita, 2010) . This period was also marked by a significant increase in labor productivity in many parts of India (Bhalla and Singh, 1997) and accompanied by income growth in rural India, which played a vital role in the overall economic development of the country (Fujita, 2010) . Total Factor Productivity (TFP) growth in agriculture was the prime driving force behind the acceleration of overall growth in the Indian economy achieved during the 1980s (Rosegrant and Evenson, 1992; Dholakia and Dholakia, 1993; Evenson et al., 1999; Fan et al., 2000) .
During the 1990s, however, agricultural growth slowed down. An analysis (Kumar and Mittal, 2006 ) of TFP growth rates for this period reveals two important facts: (a) technological gains did not occur in a number of crops such as coarse cereals, pulses, oilseeds, fibers, sugarcane, vegetables; and (b) crops and areas where technological gains had occurred during the early years of the Green Revolution had exhausted their potential. During the Green Revolution era, large investments in high yielding varieties (HYVs), fertilizers and irrigation resulted in significant growth in food production. However, in recent years, agriculture has been experiencing diminishing returns to input use and a significant proportion of the gross cropped area has been facing environmental degradation, stagnation or negative growth in TFP (Pingali and Rosegrant, 2001; Kumar and Mittal, 2006) . The sharp fall in investment, especially in public investment, has also been one of the main causes for the deceleration of agricultural growth and development in India (Kumar, 2001) . The relationship between agricultural productivity growth and poverty has received considerable attention in the literature. Earlier studies in the Indian context have shown that higher average farm yields could bring absolute and relative gains to the poor households in the short run and even higher gains in the long run (Ravallion and Datta, 1996; Datta and Ravallion, 1998) .
Thus, in order to promote economic growth and to address the issues of poverty and food insecurity over the long term, policy makers in India have to focus on striking the right balance between crops and technologies in favorable and in less favorable environments. In view of the various constraints facing Indian agriculture, there has been a renewed policy thrust from the government in recent years to revive agricultural growth through various programs such as the National Food Security Mission (NFSM) with objectives, among others, of increasing production of rice, wheat and pulses through expanding the amount of cultivated area and productivity enhancement, in order to improve food security, reduce poverty and create employment opportunities. Though maize does not figure among the priority crops for NFSM, Joshi et al. (2005) observed that maize is a promising option for diversifying agriculture in the upland areas of India. Despite considerable progress in maize research in India, the benefits of maize improvement have not been realized to the same extent as for rice and wheat.
Research and extension in germplasm improvement, and dissemination of these germplasm lines (heat and drought tolerant maize and wheat varieties) by CIMMYT and its partners could significantly boost production of these two crops and contribute to national food security.
Our study focuses on the impacts of adoption of these promising maize and wheat varieties, compared to the existing varieties, on the long-run food security and well-being of India.
Wheat is one of the staple food crops in India, with production being dominated by irrigated technologies. Wheat in India faces various biotic and abiotic challenges. The key biotic stresses affecting wheat include weeds and diseases (Kosina et al., 2007; Shiferaw et al., 2013) . In addition, climate change can facilitate the emergence of new diseases, causing substantial losses (Shiferaw et al., 2013) . The key abiotic constraints to wheat production consist of stresses from drought and heat. A warmer climate would threaten wheat production through higher day and/or night temperature. Cases of climate extremes consisting of high temperature, even if they occur over a short period of time, could also be disastrous on wheat.
Increased water scarcity caused by climate change would lead to drought stress in wheat.
However, water scarcity might also incite the use of low quality water, which might lead to increased soil salinity. Hence, salinity is considered as another key abiotic constraint to future wheat production.
This study focuses on promising maize and wheat varieties with tolerance to abiotic stresses as current crop models do not incorporate the incidence of biotic stresses. Three types of promising wheat technologies were assessed using crop growth models (DSSAT): cultivars with tolerance to drought stress; heat stress; and combined drought and heat stress. The largest yield gain would come from the adoption of wheat tolerant to combined heat and drought stress (Table A1 ). Hence, in our scenario simulations, we apply only combined heat and drought stress tolerant promising maize and wheat technologies. However, the gain would mainly come from drought tolerance in rainfed wheat systems; drought-tolerant wheat would generate a yield gain of 9.29%. Given the small share of rainfed wheat in total wheat area in India, national benefits from the promising wheat technologies are not expected to be substantial. On the contrary, irrigated wheat farmers in India are already using relatively more modern varieties. Hence, the yield gain for irrigated wheat is expected to be very low, resulting only in 1.2% increase in productivity.
Maize in India faces a different set of constraints compared to wheat. Two major abiotic stresses affect maize production in India: drought and water logging (Joshi et al., 2005) . In some cases both stresses occur over a season with maize experiencing excess moisture early in the season, followed by terminal drought (Shiferaw et al., 2011) . Heat is another stress currently affecting maize; it is also projected to have disastrous effects on future maize production in the country. Maize is also vulnerable to multiple diseases, pests, and weeds. However, most farmers are able to control weeds. The proliferation of insect pests varies across different regions, as does the incidence of maize diseases (Joshi et al., 2005) . Among the promising technologies, maize cultivars with tolerance to heat stress are clearly the ones that would deliver the largest yield gain if they were adopted by Indian farmers. In irrigated maize systems, heat-tolerant maize cultivars would bring about yield gains of 25.25%; in rainfed systems, the yield gains would be about 21.36% (Table A5) . Our model uses maize varieties with combined heat and drought tolerance.
III. Methodology
A recursive dynamic computable general equilibrium (CGE) model (Decaluwé et al., 2010) was constructed for estimating the impacts of productivity improvements in maize and wheat in India. CGE models consider the linkages between the different sectors of the economy, and the model developed for this study captures the effects of technology interventions in wheat and maize on socioeconomic indicators like GDP, production, household income, food security, trade etc. A Social Accounting Matrix (SAM) for India for the year 2007 (Pradhan et al., 2013) is the main source of data for this study. Some modifications were done to the SAM to address the objectives of this study. The economy is classified into 19 production sectors, of which 8 are agricultural activities, including maize and wheat (Table A2) . It is to be noted that given the importance of productivity differences between irrigated and rainfed technologies, we consider irrigated and rainfed activities for each crop production. A crop produced by irrigated and non-irrigated activities can satisfy the domestic as well as export demand as single undifferentiated commodity.
The structure of the economy based on the 2007-2008 SAM suggests that the service sector comprises the largest share of value added in the economy, at about 62% (Table A3 ). In the agricultural sector, 'livestock and fish' and 'other crops', which includes pulses and oilseeds, have the highest shares in the total value added in the economy, at 6.42% and 6.39%, respectively, followed by paddy rice (1.96%) and wheat (1.52%). However, maize contributes marginally to the economy's value added. Irrigated wheat dominates India's wheat production, accounting for about 91% of total value added in wheat production. On the other hand, rainfed production of maize accounts for 79% of total value added in maize production in the economy. While maize has the highest export intensity, i.e. share of exports in total production (16.41%) relative to other crops, wheat has very negligible export intensity.
Although imports of wheat as a share of its total supply (imports plus domestic production, all in value terms) is low (2.36% in 2007-08), India continues to import wheat. However, the import intensity of maize is very small.
In the model, the output of a sector is produced by a Leontief function of intermediate inputs and real value added. Valued added is a constant elasticity of substitution (CES) function of composite labour and composite capital. Skilled labour and unskilled labour are combined in a CES function, while composite capital is a CES aggregation of land and (non-land) capital.
Land is used only for cultivation purposes. Irrigated land is mobile between irrigated crop activities and rainfed land is mobile between rainfed activities. Labour is also mobile between the sectors. Existing capital is sector-specific. Land and capital are assumed to be fully utilized. However, labour supply is endogenously determined in the model to account for unemployment. While there is an involuntary unemployment among unskilled labour based on an assumed minimum wage, skilled unemployment is based on an efficiency framework, i.e. an increase in the competitive real wage brings down the unemployment rate 3 .
Household classification is based on the primary occupation of the household. There are five rural and four urban occupational household groups (see Annex Table A2 .1). Only the rural cultivator household group owns land; hence, any change in rent to land would affect the households in this group. This household also receives 55% of income from capital (Table   A3 ). In fact, rural other households consisting of mostly rent seekers get about 76% of their factor income from capital. It is obvious that income from labour is the highest source of income for agricultural labour and non-agricultural labour (artisan) households in rural areas.
Households save a fixed proportion of their income and their consumption follows a linear expenditure system (LES) function, where there is a minimum fixed consumption level and the supernumerary consumption depends on prices, income and elasticity 4 . The model does not consider transformation of rainfed land to irrigated over the long run. maize, and rural households spend a relatively larger share of their income on these commodities, which is consistent with reality. Most of household food expenditures are on 'livestock and fish' and processed food, representing about 9.09% and 8.68%, respectively, in their total expenditure budget, followed by other crops including 'pulses and oilseeds' (7.66%), paddy rice (3.59%) and wheat (2.67%).
The world prices of commodities are fixed in the model. Imports and exports are functions of world prices relative to domestic prices and exchange rates. Armington and constant elasticity of transformation (CET) functions are used for modelling substitution possibilities between imports and domestic goods, and exports and domestic goods, respectively. With respect to external balance, the current account balance (foreign savings) in dollar terms is the difference between exports and imports valued at the world price and net transfers and factor payment from abroad, which is fixed in the model. The nominal exchange rate is fixed as the numeraire and all prices are expressed relative to the exchange rate.
In the dynamic setting of the model, new capital is generated in the long run through investment that can be destined to a sector based on the competitive returns to capital and the cost of capital. Assuming that the economy follows a balanced growth path (between 2007 and 2030), all the fixed variables are updated assuming a fixed population growth rate (2.0%) in the business as usual (BAU) scenario. The model is also calibrated for the BAU scenario using the trend in exogenous productivity growth rates for the existing varieties of irrigated as well as rainfed maize and wheat based on a study from IMPACT (Rosegrant et al., 2012; Robinson et al., 2015) .
IV. Scenarios and results
The study focuses on promising technologies with tolerance to heat and drought stress. The counterfactual increases in the productivity of the two crops are obtained through crop modelling. It is to be noted that there are significant differences in the yields of irrigated and rainfed technologies and these differences are taken into account in the simulations (Table   A1 ). Three different scenarios regarding technology interventions in maize and wheat were run using the CGE model and the effects on different indicators were compared to their BAU levels. The scenarios are:
-Scenario 1: Increase in combined productivity of irrigated (26%) and rainfed (22.3%) maize.
-Scenario 2: Increase in combined productivity of irrigated (1.2%) and rainfed (8.5%) wheat 5 .
-Scenario 3: Increase in combined productivity of irrigated and rainfed maize and wheat.
It is assumed that released promising varieties of crops will completely replace the existing varieties and the new varieties will be adopted from 2015 through to 2030. The above scenarios consider the differences in the productivity of the crops. We incorporate a yield differential between irrigated and rainfed maize and wheat 6 . We focus on the long-run analysis for 2030 by contrasting the technological change scenarios with the business as usual (BAU) scenario.
Effect of productivity growth in irrigated and rainfed maize
Impacts of adoption of promising crop varieties on major macro variables are presented in Table 1 . In the scenario where both improved varieties of irrigated and rainfed maize are introduced simultaneously, increasing the irrigated and rainfed maize productivity by 26% and 22.30% respectively, the economy experiences a gain in real GDP (0.04%). The increased GDP mainly results from growth in agricultural GDP (0.13%), with significant increases in maize output (4.76%). Well-being of households improves in terms of consumption as well as food availability. Due to the drop in the consumer price index (-0.05%) and particularly food prices (-0.13%), overall household consumption in the economy increases by 0.04% with a 0.07% increase in food consumption. The food security index defines as food availability per workforce also rises by 0.08%. Higher growth in agriculture brings down the unskilled unemployment rate by 0.66%. There is also a marginal decline in skilled unemployment (-0.09%) resulting in a 0.26% drop in national unemployment rate. Prompted by the favourable 5 As already discussed, compared to the higher estimated productivity gain from the promising maize varieties, the estimated gain for wheat has been small. For the purpose of a comparable impact, we also conduct a simulation with an equal productivity change in wheat as that in maize (26% and 22.3% respectively for irrigated and rainfed). The yields of existing varieties of irrigated and rainfed maize are 3.18 t/ha and 1.82 t/ha, respectively, while 2.78 t/ha and 1.80t/ha , respectively, for wheat. This is based on IMPACT estimates (Rosegrant et al., 2012) . domestic prices, exports of the economy increase by 0.05% and overall imports show a marginal increase (0.02%). Table 2 shows the impact on GDP and other variables at a more disaggregated sectoral level.
Increased productivity of irrigated and rainfed maize induces rainfed maize production to increase significantly by 12.90% and irrigated maize by 3.54%. It is to be noted that only 24% of the land under maize cultivation is irrigated and the rest is rainfed; however, baseline irrigated maize productivity is about 3.18t/ha, while it is 1.82 t/ha for rainfed. Due to a larger productivity increase in irrigated maize compared to the rainfed maize there are differences in the effects on production. The higher increase marginal productivity of rainfed maize dominates the production activities over the irrigated maize in response to the technological change. Increased maize production also stimulates other cropping, livestock and processed food activities, albeit marginally. An increase in maize production in response to the application of promising technology in both irrigated and rainfed maize activities leads to significant decline in the consumer price of maize (-11.94%) and marginal declines in prices of other consumption goods resulting from increased activities of other related sectors. A falling price level results in higher household consumption, with the highest increase in maize consumption (2.12%). Maize is an important export crop in India, with about 16% of its production being exported, but with insignificant imports (Table A3 ). Export competitiveness of maize improves significantly (16%) due to the cheaper domestic maize prices (11.91%), while imports of maize decline by 21.01%. Impacts on factor demand and income due to the introduction of new crop varieties are presented in Table 3 . A significant increase in productivity due to the application of combined promising irrigated and rainfed maize technologies reduces the use of factor inputs, whereby demand for labour, land and capital in irrigated maize activities declines significantly by 17.54%, 17.07% and 18.06%, respectively, while in rainfed maize demand for inputs declines by 9.66%, 9.72% and 1.89%,. As labour is mobile, the displaced labour gets absorbed in other activities including non-crop sectors resulting in marginal increases in aggregate demand for labour. Land released from maize activities is available for allocations to all other crops. Declining factor demand results in a slight decline in labour income, while rental income from land declines by 0.21%. However, income from capital shows a slight increase.
Despite a decline in the nominal income from land and labour, households gain marginally in terms of real income (real consumption budget) or due to the marginal gain from the nonagricultural income (Table 4) . Although there seems to be no significant change in the income distribution, households in the cultivator category who are the owners of agricultural land experience slightly less increase in income compared to other household groups, which could be attributed to the declining rent to land. All households benefit from declining prices, as well as real income, resulting in increases in both food and non-food consumption. Moreover, rural households increase their consumption more than the urban.
Effect of productivity growth in irrigated and rainfed wheat
With the joint increase in irrigated and rainfed wheat productivity (1.20% and 8.50%, respectively) resulting from the use of promising irrigated and rainfed wheat varieties, there is a marginal impact on the economy where GDP increases by 0.03% (Table 1) . Contributions of agriculture and wheat to GDP are less than the improved maize technology scenario, 0.08% and 0.39%, respectively. At the aggregate level, impacts on the consumer price index and consumption are more or less the same as the earlier maize scenario (-0.04% and 0.03%, respectively). Food consumption improves by 0.06% as food prices decline by 0.10%.
Economic well-being also improves as food availability per worker marks an increase of 0.05%. Unemployment in the economy declines by 0.17% with a major decline in unskilled unemployment (-0.45%) and a marginal drop in the skilled unemployment (-0.07%). Exports increase marginally (0.02%) due to the economy's price advantage; however there is almost no aggregate change in imports.
Adoption of promising irrigated and rainfed wheat varieties enhance the rainfed wheat production significantly by about 27.71% while the production of rainfed wheat increases very marginally by 0.01% (Table 2 ). About 92% of the land under wheat cultivation is irrigated, and most of the wheat production is through modern technologies; hence, the scope to increase production through productivity enhancement seems to be low. Increased wheat activities have a marginal positive effect on other sectors as well. With the improved varieties of irrigated and rainfed wheat consumer prices of wheat decline by 0.86%, which is significantly less than the price effect for the case of improved maize varieties (Table 2 ). Other commodities also benefit from declining prices. Lower consumer prices leads to higher household consumption of wheat (0.40%) with marginal increases in consumption of other items. Cheaper domestic prices of wheat lead to a 1.08% increase in wheat exports, while imports decline by 1.37% (Table 2) . These changes are much lower than in the improved maize scenario.
A very high proportion of resources is already engaged in irrigated wheat activities compared to the rainfed system, and an increase in output due to increased productivity in this sector could only be achieved by reduced demand for production factors. On the other hand, rainfed wheat with a very small proportion of resources requires a higher amounts of factor inputs in order to increase its production in the wake of its improved productivity. Even a small productivity increase in irrigated wheat activities reduces the demand for labour, land and capital by about -1.20%, -1.02% and -1.19%, respectively (Table 3) . Moreover, released resources from the irrigated wheat production crowds in resources to rainfed wheat activities, leading to higher productivity. Larger increase in rainfed wheat production is complemented by increased demand for labour and land (24.42 and 24.37%, respectively). However, as there exists excess labour supply (unemployment) in the economy, total demand for labour increases by 0.25%. Capital investment also shifts from irrigated wheat activities (-1.18%) to rainfed activities (2.77%). In tune with the declining factor demand, income from land declines more than other factors (-0.13%) followed by marginal -0.01% for labour. There is almost no change in capital income.
Changes in total real consumption budget (real income) and consumption by households are displayed in Table 4 . All households gain in terms of increase in their real income and similar to the case of improved maize varieties in Scenario 1, the cultivator household group gains the least in terms of increase in real income, though very marginally; also, food consumption is relatively higher for rural households than urban households.
It is to be noted that a lower productivity improvement in wheat compared to a significant increase in maize productivity causes relatively lower impacts on economic and welfare indicators. A similar degree of productivity change in wheat as in maize activities would provide a more comparable analysis 7 . However, for our scenario analysis we have chosen 7 Compared to the maize technology scenario, the economy experiences even higher GDP growth (0.39%), increased food availability (0.93%) and food consumption (0.93%). The consumer price index also declines (-0.61%) more than if improved maize varieties are adopted. more realistic research-based values for productivity change resulting from promising maize and wheat varieties.
Effect of joint productivity growth in maize and wheat
In the scenario where irrigated and rainfed maize and wheat varieties are simultaneously adopted, production of maize and wheat increases by 4.77% and 0.44% respectively leading to higher growth in the agricultural and overall GDP by 0.21% and 0.07% respectively ( Table   1 ). As expected, the joint impact is dominated by the changes resulted due to the improved maize varieties. It also has positive impacts on output on the manufacturing (0.21%) and service (0.05%) sectors. With increased economic activities, inflation in terms of the consumer price index declines by 0.09%, mainly driven by a drop in food prices (-0.23%), inducing higher household food (0.12%) and non-food (0.04%) consumption. Besides, economic wellbeing in terms of food availability also improves by 0.13%. The economy experiences a reduced unemployment rate (-0.43%) with significant declines in unskilled unemployment (-1.11) followed by a 0.16% drop in skilled unemployment. The economy benefits from an increase in overall exports by 0.08% although imports of the economy increase marginally by 0.02%.
A joint increase in maize and wheat productivity for both irrigated and rainfed cultivation enhances rainfed wheat output by about 27.84% while irrigated wheat increases only by 0.05%, resulting in a small increase in aggregate wheat output of 0.44% (Table 2 ). The combined impact of changes in wheat and maize technologies used on wheat and maize production still retains the individual impacts of the respective technological changes. A lower technological change in the case of irrigated wheat (1.2%) as compared to 8.5% for rainfed wheat is expected to bring relatively higher benefits to the sectors with higher marginal productivity, i.e. rainfed wheat. On the other hand, a large improvement in rainfed and irrigated maize technologies by 22% and 26%, respectively, in fact, results in a significant increase in the rainfed maize production (12.83%) along with the increased irrigated maize output (3.58%) yielding a 4.77% increase in total maize output. Positive spill-over impacts of increased wheat and maize production are observed in other activities, mainly with increase in livestock and processed food output, 0.11 and 0.10%, respectively. Consumer prices decline following significant declines in maize prices (-11.93%), and wheat prices (-0.90%) (Table 5 ). Buying prices of other commodities decline slightly. Household food consumption increases, with the highest increases being in maize consumption (2.13%) and wheat consumption (0.44%). Lower domestic prices of maize and wheat increase competitiveness of these crops vis-à-vis rest of the world. There is increase in exports of maize and wheat with declining imports (Table 2) . Exports of maize increase by 14.57%, while that for wheat increase by 1.14%. Similarly, imports decline significantly for maize (-21.05%) and less for wheat (-1.39%).
A large productivity change due to the introduction of promising maize technologies results in much higher maize production, but with declining factor demand in both irrigated and rainfed maize activities. Demand for labour, land and capital in irrigated maize production declines by 17.70%, 17.45% and 18.06%, respectively and by 9.63%, 9.43% and 1.91%% respectively in rainfed wheat activities (Table 3) . Given the dominating size of resources under irrigated wheat in the economy, a small productivity increase in irrigated wheat delivers only a marginal increase in its output with a decline in demand for its factor inputs, -1.14%, -0.93
and -1.20, respectively for labour, land and capital. The displaced inputs are allocated to activities where they have higher comparative advantage, mainly to rainfed wheat activities besides marginally to other sectors. Overall demand for labour in the economy increases (0.26%), reflecting a decline in unemployment in the economy. A large decline in demand for land and labour in maize and irrigated wheat activities leads to a decline in land income by 0.33% followed by marginal decrease in labour income (-0.02%). However, income from capital shows a (marginal) increase (0.01%).
A simultaneous increase in maize and wheat productivity leads to a relatively higher increase in real income across the households compared to individual maize-and wheat-based scenarios (Table 4) . Although rural cultivators like in other scenarios experience a relatively smaller gain in real income, the increase in their real income is higher than in the previous scenarios. All households benefit from increases in both food and non-food consumption.
The distribution of the effects on household consumption is mainly driven by the increased maize productivity, where rural households experience relatively higher gains compared to their urban counterparts in terms of food consumption.
V. Conclusion
The main objective of this paper is to understand the potential food security and welfare benefits from the introduction of new agricultural technologies, especially the upcoming and promising varieties of wheat and maize, in India. A recursive dynamic CGE model is used to evaluate these effects at the national level using the best available data. Future production potential (productivity) of these crops under conventional and improved technologies is obtained from crop growth simulation modelling undertaken by crop modellers as part of a global effort for analysis of alternative futures for agriculture, and this data was used as exogenous parameters in the CGE model.
A significant increase in irrigated and rainfed maize productivity (26% and 23.3% respectively) due to the introduction of promising technologies in Scenario 1 increases irrigated and rainfed maize output by 3.54% and 12.90% respectively. This leads to growth in aggregate maize output by 4.76%. Most other economic activities also benefit, though marginally, from the increase in maize production. The maize technology has positive impacts on the economy and households by increasing GDP and the food security index (food availability per worker) by 0.04% and 0.08%, respectively, with a decline in the consumer price index (-0.05%).
Declining food prices (-0.13%) with a significant drop in the buying prices of maize (-11.91%) induce higher consumption of aggregate food (0.07%) and maize alone (2.12%). The unemployment rate declines by 0.26%, mainly driven by a reduction in the unemployment rate of unskilled labour (-0.66%). Technological change in maize also generates a significant response which increases exports (14.54%) and reduces imports (-21.01%) of this staple. The growth in maize productivity also leads to a significant decline in factor demand in irrigated maize activities followed by rainfed maize production. However, households still gain in terms of modest increases in their real income and food and non-food consumption, with rural households benefiting more than urban households in terms of increased food consumption.
Productivity growth in wheat in irrigated and rainfed systems (by 1.2% and 8.5% respectively)
in Scenario 2 leads to a significant increase in rainfed wheat output (27.71%), but a marginal change (0.01%) in irrigated wheat output, leading to an increase in total wheat output of around 0.39%. Households benefit in terms of increased GDP (0.03%), food availability (0.05%) and a decline in the consumer price index (-0.04%). The unemployment rate in the economy drops by 0.17% as unskilled unemployment declines by 0.45%. A 0.10% decline in the food prices leads to a 0.06% increase in total food consumption. The introduction of new technologies leads to a 1.09% fall in the consumer price of wheat, leading to a 0.4% increase in total household consumption of wheat. Wheat imports decline by 1.37% while exports increase by 0.86%. However, the overall impact of improved wheat productivity is significantly lower than the effect of promising maize technologies simulated in Scenario 1.
This is mainly because of the significantly higher productivity gain from the promising varieties of maize compared to wheat. Given that wheat production is much larger than maize in India, a proportional gain in productivity for wheat would causesignificantly higher economic (0.39%) and food security (0.93%) gains compared to the case of increased maize productivity. Despite the decline in factor demand associated with productivity change, the real income of households increases marginally and by less than scenario 1. However, all households gain both in terms of food and non-food consumption.
However, an increase in combined maize and wheat productivity (scenario 3) induces higher impacts on output, consumer prices, food security and national income. Adoption of joint technology improves GDP and food availability per worker by 0.07% and 0.13%, respectively.
The fall in consumer prices steered mainly by declining food prices encourages higher food and non-food consumption. Increased economic activities mainly driven by agricultural growth results in reduced unemployment rate (-0.43%), primarily from unskilled unemployment (-1.11%) followed by skilled unemployment (-0.16%). With the improved maize and wheat technologies, import dependency declines while raising the export competitiveness of the two crops. Aggregate wheat output increases by 0.44%, largely driven by the gain in output in the rainfed systems (27.66%) and marginally by irrigated systems (0.05%). On the other hand, production in irrigated and rainfed maize increases by about 3.58% and 12.83%, respectively, resulting in a 4.77% increase in total maize output.
Consumer prices decline by -0.09% with a significant decline in maize prices (-11.93%),
followed by a fall in the price of wheat (-0.90%). Although demand for factors of production in maize and wheat activities decreases, the real income of all households improves with a relatively smaller increase for cultivator households. Like in the other scenarios, the food consumption gain is relatively higher for rural households compared to their urban counterparts.
From food security and economic growth perspectives, the simultaneous introduction of improved irrigated and rainfed technology (wheat and maize) is the best, followed by irrigated and rainfed maize and irrigated and rainfed wheat. Technological change also generates gains in national GDP and real income of households, albeit marginally. Food security in terms of food consumption and food availability improves. The unemployment rate, particularly of unskilled workers, declines in all the scenarios. Significant declines in consumer prices of wheat and maize not only prompt higher consumption of these crops, but also increase overall food and non-food consumption. Improvement in maize and wheat productivity brings higher benefits to rural households than their urban counterparts.
In short, there is considerable scope for increasing the production of maize and wheat in India through the introduction of new technologies. Although maize's contribution to the national economy is currently less than wheat, given the higher potential gains in maize productivity from introduction of promising maize varieties, the impacts of improved maize varieties on food security and national income are seen to be comparable or better than the impacts of the current promising wheat varieties. However, an equal increase in the productivity of wheat is expected to have even higher economy-wide impacts than maize. Given the resource constraints in Indian agriculture, maize, with its high yield gaps and predominantly rainfed production, has the potential to become a promising alternative in the future -especially in areas where groundwater levels are being depleted and the potential for irrigated wheat (or rice) is limited. However, joint technological changes in wheat and maize could bring higher future economic growth, food security and household welfare in terms of food consumption.
One caveat is that this study has not taken into account the potential impacts of climate change on crop productivity. The positive effects of heat and drought tolerant technologies are likely to be stronger if climate change impacts are considered explicitly in the baseline and alternative scenarios, an area for future analysis. 
Tables

